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Audience  Teachers at Key Stages 2 and 3; local education authorities; tutors   
 in initial teacher training; and others with an interest in continuing  
 professional development.
Overview  These materials provide key messages for planning learning and   
 teaching in science. They include profiles of learners’ work   
 to exemplify the standards set out in the level descriptions and   
 illustrate how to use level descriptions to make best-fit judgements at 
 the end of Key Stages 2 and 3.
Action	 To review learning plans and activities, and to  prepare to make
required judgements at the end of Key Stages 2 and 3. 
Further	 Enquiries about this document should be directed to:   
information Curriculum and Assessment Division 
 Department for Children, Education, Lifelong Learning and Skills 
 Welsh Assembly Government
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 Cardiff
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 Tel:  0800 083 6003 
 Fax: 029 2037 5496
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Additional	 Can be obtained from: 
copies  Tel:  0845 603 1108 (English medium) 
  0870 242 3206 (Welsh medium)
 Fax: 01767 375920
 e-mail: dcells1@prolog.uk.com
 Or by visiting the Welsh Assembly Government’s website 
 www.wales.gov.uk/educationandskills
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	 This guidance is also available in Welsh.
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	 	 to	show	the	use	of	the	level	descriptions	in	coming	to		 	













version	of	Science in the National Curriculum for Wales, Skills 
















•	 Making the most of learning: Implementing the revised    
 curriculum	–	overview	guidance	on	implementing	the	new		 	 	
	 curriculum
•	 Skills framework for 3 to 19-year-olds in Wales	–	which	includes		 	
	 guidance	about	progression	in	skills	
•	 Ensuring consistency in teacher assessment: Guidance for Key   
 Stages 2 and 3
•	 A curriculum for all learners:	Guidance to support teachers of   
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	 linking	with	the	non-statutory	Skills framework for 3 to 
 19-year-olds in Wales
Structure of the science programme of study
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•	 continuity	and	progression	3–19,	taking	into	account	particularly		 	
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Science and skills across the curriculum
The	revised	national	curriculum	Order	for	science	has	a	greater	focus 
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14 Science: Guidance for Key Stages 2 and 3
Science and learning across the curriculum
Curriculum 2008 provides opportunities for the development of the 
Welsh Assembly Government’s policies and cross-curricular themes, 
such as the Curriculum Cymreig, personal and social education and 
careers and the world of work, which includes equal opportunities, 
food and fitness and sustainable develoment.
At Key Stages 2 and 3, learners should be given opportunities to 
build on their experiences gained during the Foundation Phase, 
and to promote their knowledge and understanding of Wales, their 
personal and social development and well-being, and their awareness 
of the world of work.
Curriculum Cymreig 
Learners aged 7–14 should be given opportunities to develop and 
apply knowledge and understanding of the cultural, economic, 
environmental, historical and linguistic characteristics of Wales. 
At Key Stage 2 learners are required to compare two local 
environments, by carrying out fieldwork. A better understanding of 
the factors that each environment is dependent upon, should lead to 
greater concern about the environment in Wales.
In the profiles, further links to the Curriculum Cymreig are exemplified by Sian’s 
‘Energy Resources’ enquiry, (Key Stage 3, Level 5) where learners are tasked with 
producing a report for the school governors as to the advantages and disadvantages 
of using ‘fast growing’ trees as the school’s main energy resource. In addition, in Amy’s 
‘Limestone Enquiry’ (Key Stage 3, Level 6) learners are asked to produce a resource for a 
local steel company’s Visitors’ Centre.
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ILLUSTRATIONS	(fig.4,5)
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Learner profile Title of enquiry
David KS2 L3 Comparing	two	environments
David KS2 L3 Litter	survey















Learner profile Title of enquiry
Mia KS2 L4 The	rocket	launch
Mia KS2 L4 How	can	a	guitar	make	a	sound?
Tom KS2 L5 Questioning	a	solar	system	image
Tom KS2 L5 Moon	Crash	Landing	2020
Sian KS3 L5 What	makes	a	good	investigation?
Amy KS3 L6 Melting	ice
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Learner profile Title of enquiry
David KS2 L3 Is	any	of	the	litter	attracted	to	a	magnet?
Mia KS2 L4 Fact	or	opinion?
Sian KS2 L5 Vertebrate	groups
Amy KS3 L6 Solids,	liquids,	gases	and	their	particles
Ben KS3 L7 Is	Euglena	a	plant	or	an	animal?	Explain.
Learner profile Title of enquiry
David KS2 L3 Shadow	puppets
David KS2 L3 Designing	packaging	for	biscuits
Mia KS2 L4 Planet	presentation
Tom KS2 L5 Map	of	the	solar	system
Tom KS2 L5 How	can	you	make	a	model	of	a	lighthouse?
Sian KS3 L5 Imaginary	animal
Sian KS3 L5 How	can	we	clean	pond	water?
Sian KS3 L5 How	could	people	in	an	economically	developing	
Sian KS3 L5 Energy	resources
Amy KS3 L6 Insulin	presentation
Amy KS3 L6 Limestone	enquiry
Amy KS3 L6 Volcanoes
SciGuideE.indd   18 11/2/09   11:21:26
19Science:	Guidance	for	Key	Stages	2	and	3





(f) Using and applying models
Here	learners	use,	apply	or	develop	a	model	to	test	an	idea	or	a	
theory.	
Learner profile Title of enquiry
David KS2 L3 Which	is	the	best	material	for	stopping	biscuits	
becoming	soggy?
Mia KS2 L4 Making	rockets
Mia KS2 L4 Does	the	mixture	of	lava	affect	the	eruption	of	a	
volcano?
Tom KS2 L5 How	can	the	brightness	of	a	bulb	in	a	circuit	be
changed?
Sian KS3 L5 How	does	the	surface	area	affect	the	rate	of	
evaporation?
Amy KS3 L6 How	does	caffeine	affect	the	heart	rate?
Ben KS3 L7 How	does	the	mass	of	magnesium	added	affect	the	
temperature	rise	in	its	reaction	with	copper	sulphate?
Learner profile Title of enquiry
Tom KS2 L5 Mission	Possible?
Tom KS2 L5 How	can	you	make	a	model	of	a	lighthouse?
Sian KS2 L5 How	does	the	surface	area	affect	the	rate	of	
evaporation?
Amy KS3 L6 Fairground	ride
Ben KS3 L7 Historical	reactions
Ben KS3 L7 How	does	a	space	shuttle	land?
Ben KS3 L7 Can	you	work	out	work	done?
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Area of the Range Key Stage 2 Key Stage 3
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Level characteristics 
in finding evidence, 
information and ideas
Example in profile What the pupil actually 
does
1 listen and respond to scientific ideas and react appropriately
2 choose from given options where to find evidence, information and ideas







































Level characteristics in 
predicting 
Example in profile What the pupil actually 
does
3 talk about their ideas and using their 
everyday experience 





















































Level characteristics in 
predicting 
Example in profile What the pupil actually 
does





























8 make quantitative predictions, where appropriate, using detailed scientific knowledge and abstract ideas
justify their predictions by making multiple links between scientific models, theories 
and systemsEP













Level characteristics in 
methods and strategies
Example in profile What the pupil actually 
does
1 take part in simple activities and through a variety of experiences explore the world around them
2 talk about the steps needed to carry out their enquiries
3 plan, with support, the method to 













4 use scientific knowledge	and 
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Level characteristics in 
methods and strategies
Example in profile What the pupil actually 
does








7 give some justification for 
the methods and 









8 justify their methods and strategies in view of the reliability of the information and/or the data to be gathered and the accuracy of the equipment to be used
identify any possible problems with the method/strategy
justify their methods and strategies making multiple links to prior learning and 
independent research and taking account of possible problemsEP
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Fair testing enquiries require detailed, systematic planning to ensure 
that the outcomes are scientifically reliable. Pupils working at lower 
levels will struggle to fulfil these requirements. 
Fair testing
Level characteristics in fair 
testing
Example in profile What the pupil actually 
does
4 recognise, with support, the 
variables to change 
and measure and 
those to be kept the 
same
‘Making rockets’ 
(Key Stage 2, Level 4)
Questioning by the teacher 
helps Mia clarify her 
thoughts as to the key 
variables.




and those that they 
will keep the same
‘How can the brightness 
of a bulb in a circuit be 
changed?’ 
(Key Stage 2, Level 5)
Tom independently notes 
the key variables of number 
of batteries (independent) 
and the brightness of the 
bulb (dependent). He also 
recognises that he needs to 
control any extraneous light.
6 plan how to control the variables that they 
need to keep the same 
and make decisions 
about the range 
and values of the 
independent variable
‘How does caffeine affect 
the heart rate?’ 
(Key Stage 3, Level 6)
In her plan, Amy lists the 
key variables and makes 
notes as to how they can 
be controlled. She couldn’t 
make decisions about the 
range and values of the 
independent variable as 
this was set by the mass of 
caffeine in the drink.
7 identify key variables that may not be 
readily controlled 
explaining why this 
is the case
‘How does the mass of 
magnesium added affect 
the temperature rise in 
its reaction with copper 
sulphate?’  
(Key Stage 3, Level 7)
Ben recognises that he 
cannot control the surface 
area of magnesium metal 
used. He explains why he 
can’t control it and then 
how this could affect his 
findings.
8
plan to track changes in more than one dependent variableEP












Level characteristics in 
determining success 
criteria
Example in profile What the pupil actually 
does
2 talk about…what is needed to be successful




























































Level characteristics in 
observing and measuring
Example in profile What the pupil actually 
does
1 observe…simple features of organisms, objects, materials and events
2 make enough observations to 
be able to sort, 











3 follow a simple series of instructions 
safely to gather their 
findings
make observations 
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Level characteristics in 
observing and measuring
Example in profile What the pupil actually 
does






equipment to make 
measurements	within 














5 select measuring instruments that 
allow them to make 











6 make precise observations and accurate measurements using equipment with fine divisions
7 systematically observe and measure










Level characteristics in 
monitoring progress
Example in profile What the pupil actually 
does
4 making amendments where necessary
5 regularly check progress and revise 











6 regularly check progress, make 
ongoing revisions 
when necessary 
and begin to justify 












7 justify any amendments made to the method/strategy
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Level characteristics in 
communicating findings
Example in profile What the pupil actually 
does
1 describe simple features of organisms, objects, materials and events through talking, drawing, mark-making or writing simple words
2 make simple records of their 











3 begin to organise their findings and 














display these in 
tables, bar charts and 
in simple line graphs 
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Level characteristics in 
communicating findings
Example in profile What the pupil actually 
does
5 organise and communicate their 
findings integrating 





S.I. units where 
appropriate
select the most 
appropriate type of 
graph or chart to 
display data























6 organise and communicate 
their findings in a 
variety of ways fit 
for purpose and 
audience
use appropriate 
axes and scales for 
graphs to show data 
effectively 
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Level characteristics in 
communicating findings
Example in profile What the pupil actually 
does
7 draw lines of best fit on graphs 
use some quantitative 
definitions and 
perform calculations 



























Level characteristics in 
reviewing findings 
Example in profile What the pupil actually 
does
3 begin to identify simple patterns and 
trends 
begin to distinguish 
between scientific 
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Level characteristics in 
reviewing findings 
Example in profile What the pupil actually 
does
4 identify patterns and trends
distinguish between 
‘facts’, beliefs and 




























6 assess bias, consider reliability
offer some 











7 begin to evaluate their findings in 
order to gauge 











8 evaluate their findings in order to gauge bias, reliability and validity identify and explore uncertainties and explain anomalies







feel	or	hear.	Simple	explanations of the findings from	a	scientific	
enquiry	such	as	those	based	on	pupils’	everyday	experiences	usually	
take	the	form	of	’This	happened	because	.	.	.	’.	In	addition	pupils	



















Level characteristics in 
explaining
Example in profile What the pupil actually 
does
1 recognise and name a range of common organisms, objects, materials, light sources and sound sources
2 describe the basis for their groupings using 
simple differences 
between organisms, 
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Level characteristics in 
explaining  
Example in profile What the pupil actually 
does
3 give an explanation, 
based upon 
their everyday 






and changes to 
organisms, objects, 
















4 use some scientific 
knowledge and 
understanding to 
explain their findings 
and differences 
between, or changes 
to organisms, 

















differences between, or 
changes to organisms, 















SciGuideE.indd   41 11/2/09   11:21:50
42 Science:	Guidance	for	Key	Stages	2	and	3
Level characteristics in 
explaining
Example in profile What the pupil actually 
does




their findings and 
differences between, 




that a number 
of factors and/or 
processes may have 
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Level characteristics in 
explaining 
Example in profile What the pupil actually 
does
7 explain to what extent their findings 
are consistent with 
scientific knowledge 
and understanding, 
using abstract ideas at 
times
in explanations 
they apply abstract 
ideas and make links 
between processes 
or systems














8 explain to what extent their findings are consistent with abstract scientific ideasexplain the impact of one system on another
use complex, abstract ideas or combinations of models/systems to explain their 
findings 
use their knowledge and understanding to critically evaluate predicted effects on 
systems
EP
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Level characteristics in 
drawing conclusions and 
making decisions
Example in profile What the pupil actually 
does
3 say what they have found out from 
their work and make 
their own decisions by 
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Level characteristics in 
drawing conclusions and 
making decisions
Example in profile What the pupil actually 
does
5 draw conclusions that are consistent 
with the findings 
consider others’ 



















6 consider a wider range of perspectives 








7 describe how they might collect more 
information in order to 









8 draw conclusions showing an awareness of the degree of uncertainty and a range of views
use detailed evidence to form consistent conclusions/opinionsEP


















Level characteristics in 
reviewing success
Example in profile What the pupil actually 
does
2 respond to questions about what worked and what didn’t
3 link outcomes to success criteria and 
identify what worked 
and what didn’t
beginning to think 
about how the 













4 decide whether their method 
was successful by 
referring to their 
success criteria 
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Level characteristics in 
reviewing success
Example in profile What the pupil actually 
does
5 begin to evaluate how far success 









6 evaluate how far success criteria fully reflect successful outcomes
7 refine success criteria in the light of 
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Level characteristics in 
evaluating own learning 
and thinking
Example in profile What the pupil actually 
does
4 describe how they have learned and 
identify the ways 













5 identify the learning/thinking 
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Level characteristics in 
evaluating own learning 
and thinking
Example in profile What the pupil actually 
does
7 review their strategies in light 
of results obtained 












8 suggest alternative learning/thinking strategies
evaluate the likely effectiveness of alternative strategies and refine learning/thinking 
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Level characteristics in 
linking learning
Example in profile What the pupil actually 
does
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Level characteristics in 
linking learning
Example in profile What the pupil actually 
does
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	 level	to	a	learner	at	the	end	of	the	key	stage,	there	is	no		 	 	
	 requirement	for	judgements	to	be	explained	in	this		 	 	 	
	 way	or	supported	by	detailed	collections	of	evidence	on	each		 	
	 learner.	Decisions	about	collecting	evidence,	and	about		 	 	
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Think about the axes. 
Work with Tia next 
time and try to draw 
the next bar chart 
using just squared 
paper.





























David’s next steps: 
Find out if all metals are magnetic. You might 
like to look at the website ‘Science is fun’ 
or use a magnet to test more metals in the 
classroom.
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Next time we do 
an investigation, try 
to plan to measure 
results rather than 


































David’s next steps: 
Talk to Fay and compare her design to yours. 
How is it different? How is it the same?	

































Find out if plants and 
minibeasts need the 
same things to stay 
alive. You might like 
to look at the book 
in the library called 
‘Minibeasts’. 
























David’s next steps: 
Find out why shadows form. You could look at 
the textbook in your drawer.
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to	suggest where to find evidence, information and ideas	(a	
characteristic	of	Level	3).	He	said	to	his	partner	that	they	could	look	
on	the	internet	for	ideas	about	how	to	make	‘Shadow	puppets’,	
although	he	only	used	one	website	and	so	he	didn’t	find and use a 
variety of evidence, information and ideas	(a	feature	of	Level	4).	In	
the	same	enquiry,	and	when	investigating	‘Which	is	the	best	material	
for	stopping	biscuits	becoming	soggy?’,	he	planned, with support, 
the method to be used (a	characteristic	of	Level	3).	In	the	latter	





recognised with support the variables to change and measure and 
those to be kept the same,	which	is	a	characteristic	of	Level	4,	in	
the	fair	test	enquiry	‘Which	is	the	best	material	for	stopping	biscuits	




two	environments’	shows	that	he	can	follow a simple series of 
instructions safely to gather his findings	(a	characteristic	of	Level	3).	
In	‘Which	is	the	best	material	for	stopping	biscuits	becoming	
soggy?’	he	made observations that could be measured using simple 
equipment	(a	feature	of	Level	3).	In	the	‘Litter	survey’	enquiry	he	
initially	made enough observations to group the litter	and	made 
a simple record of his findings by constructing a tally chart (both	
characteristics	of	Level	2).	However,	he	went	on	to	display his 
findings in a given format as a bar chart and	demonstrated	that	he	
is	beginning to identify simple patterns (both	features	of	Level	3)	in	
both	this	enquiry	and	in	‘Comparing	two	environments’.	David	gave 
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an explanation based upon everyday experiences, for his findings	(a	
characteristic	of	Level	3)	in	‘Comparing	two	environments’.	He	gave	
a simple explanation for the differences between materials	(a	feature	
of	Level	3)	when	he	looked	at	litter	that	is	attracted	by	a	magnet	
and	a simple explanation for changes in a physical phenomenon	(a	
characteristic	of	Level	3)	in	the	‘Shadow	puppets’	enquiry.	
Reflecting
David	consistently	said what he had found out from his work (a	
feature	of	Level	3)	in	his	enquiries.	David’s	work	in	’Designing	
packaging	for	biscuits’	shows	that	when	reflecting	on	an	enquiry	
he	can	link outcomes to success criteria (a	characteristic	of	Level	3).	
He	identified what worked and what didn’t and	showed	that	he	is	
beginning to think how his method could be improved (both	features	
of	Level	3)	in	the	evaluation	of	his	‘Shadow	puppet’.	David	links the 
learning, with support, to familiar situations (a	characteristic	of	Level	3)	
when	he	designed	his	biscuit	wrapping.












































Mia’s next steps: 
Use your dictionary 
to look up words 
that you don’t 
understand. Write 
what they mean on 
your ‘fact sheet’.
All	images	©	NASA




















Mia’s next steps: 
Find out more about the forces involved in a 
rocket launch. You might like to look at the 
book ‘Forces’ in the science corner. 


























































Mia’s next steps: 
Think about the forces on 
the rocket that make it move. 
You might like to talk to 
George about his ideas to 
help you.














Mia’s next steps: 
Find out what ‘bias’ means using your 
dictionary. Read the article again and try to find 
any possible bias.
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72 Science: Guidance for Key Stages 2 and 3
Mia has made decisions that show she is beginning to distinguish 
between ‘facts’ and opinions in the article. Some of her decisions 
needed to be questioned.
Teacher: 
How did you decide which are ‘facts’ and which are 
opinions?
  Mia: 
  It’s the words they use. ‘Facts’ have 
  lots of numbers but opinions use words 
  like ‘think‘ and or ‘choose‘.
Mia’s next steps: 
Look at another article and try to do the same 
thing. Do you still think your reasons are good 
ones? Write some success criteria for deciding 
between ‘facts’ and opinions.









Mia’s next steps: 
Think about how you could have measured 
the vinegar and sodium bicarbonate and the 




lava affect the 



































How can a 





















Mia’s next steps: 
Talk to Ryan about what you have found out 
and then try to complete the sentence:
The thicker the string the ……….. the sound.















	 	 Mia: 
	 	 I	knew	the	questions	to	ask	and	I	had		 	 	
	 	 thought	about	how	to	say	them	because	I		 	
	 	 listened	to	Jo’s	answers.
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Mia’s	profile	shows	that	when	planning an	enquiry	she	can	find and 
use a variety of evidence, information and ideas	(a	characteristic	of	
Level	4)	as	evidenced	in	‘Planet	presentation’.	The	relevance	of	some	
of	the	information	she	used	is	questionable	and	therefore	she	did	
not	find and use relevant evidence, information and ideas	(a	feature	
of	Level	5).	If	Mia’s	success	criteria	had	been	more	wide-ranging	and	
science	specific	she	could	well	have	been	self-directed	towards	more	
relevant	information.	She	uses scientific knowledge and skills to plan 
her enquiries and predict outcomes	(a	characteristic	of	Level	4)	as		
shown	in	her	write-up	of	‘Does	the	mixture	of	lava	affect	the	
eruption	of	a	volcano?’.	This	is	a	fair	test	enquiry	and	by	identifying 
key variables and distinguishing between independent and 
dependent variables	(without	actually	naming	them)	and those that 
she would keep the same	she	showed	an	aspect	of	Level	5.	However,	
in	‘Making	rockets’	she	recognised, with support, the variables to 
change and measure and those to be kept the same	(a	feature	of	
Level	4)	when	she	was	led	by	the	teacher’s	questioning.	Mia	uses 
scientific knowledge and skills to predict outcomes (a	characteristic	
of	Level	4)	in	‘The	rocket	launch’	although	her	description	has	some	
confused	scientific	ideas.	In	‘Planet	presentation’	she	decided upon 
some basic success criteria	(a	feature	of	Level	4)	and	although	these	
are	very	simple,	they	were	her	own	decisions.
	





follow the planned method	(a	characteristic	of	Level	4).	She	makes 
qualitative observations	(a	feature	of	Level	4)	in	the	same	enquiry	but	
would	have	improved	her	investigation	by	using standard equipment 
to measure within a given range using S.I. units	(a	characteristic	of	
Level	4)	as	she	did	in	the	‘Making	rockets’	enquiry.	
Across	the	profile	she	demonstrates	that	she	can	organise and 
communicate her findings using relevant scientific language	(a	
feature	of	Level	4).	Mia	displays her findings in tables (a	characteristic	
of	Level	4)	in	both	the	‘Does	the	mixture	of	lava	affect	the	eruption	
of	a	volcano?’	and	‘Making	rockets’	enquiries,	with	evidence	that	









Mia	is	beginning to distinguish between ‘facts’ and opinions	(a	
feature	of	Level	3)	and	is	started	on	the	path	to	recognise	bias	in	
the	‘Fact	or	opinion?’	enquiry.	Mia	uses some scientific knowledge 
and understanding to explain her findings (a	characteristic	of	
Level	4)	in	‘Making	rockets’.	She	uses some scientific knowledge 
and understanding to explain changes to physical phenomena	(a	
feature	of	Level	4)	in	‘How	can	a	guitar	make	a	sound?’,	however	
this	is	not	a	strength	of	Mia’s	work	and	needs	to	be	built	upon	by	













Mia’s	profile	shows	she	is	linking	outcomes to success criteria	(a	
characteristic	of	Level	3).	In	the	same	enquiry	and	in	‘Making	rockets’	




demonstrates	that	she	can	describe how she has learned and identify 
the way that worked the best	(a	characteristic	of	Level	4)	when	
reflecting	on	her	learning	in	‘How	can	a	guitar	make	a	sound?’.	She	




















 Tom    Level 5



















Tom’s next steps: 
Do you think any of your sources may be 
biased? Why do you think this? Add some notes 
to your references to show your ideas.
































	 	 would	be	so	hot	that	there	would	be	no	life	on		 	
	 	 Earth.



























Tom’s next steps: (written himself)
Check information and don’t always believe it 
just because it comes from somewhere you think 
is right.
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Tom’s next steps: 
Find out how an astronomer and a navigator 
might work together. You may like to try the 
book ’Deepest Space’ in the library.















Tom’s next steps: 
Think about what else you might need for 
survival on the Moon, especially remembering 
gravity.
















	 	 Rebecca: 	



























you make a 









Tom’s next steps: 
Think about the word ‘analyse’. What does it 
mean? Look it up in the dictionary. Can you 
now add this to your thinking diagram
















I made a lighthouse by creating a simple circuit which was 
connected through a cardboard tube and plastic bottle top. 
My circuit looked like this 
When I pressed the switch, the current was able to flow 
through the wires because my switch is a conductor made 
from a paper clip. The energy from the battery allowed the 
current to pass through the wire to the bulb which made the 
bulb light up. When the switch paper clip did not touch the 
drawing pin, the current was stopped because the circuit 
was no longer complete.  
I was able to make my lighthouse flash by simply turning my 
switch on and off, by releasing the paper clip from the 
drawing pin and putting it back again. 
I could improve my design by making it waterproof by 
using different materials for the outside. Also I could think of 
other ways to make it look like the light was flashing without 
turning it on and off all the time as this might break the switch 
or the bulb. 



















	 	 I	should	have	thought	more	about	the		 	 	
	 	 materials	it	was	made	from.	They	should			 	
	 	 have	been	waterproof	and	strong.
Tom’s next steps: 
Try to write a new set of criteria for success next 
to the original one.








How can the brightness of a bulb in a circuit be changed?
How would you do it?
I could put more batteries in the circuit and see if this would 
change the brightness.  
What do you think would happen?
The more batteries I use the brighter the bulb will be. 
Why do you think this?
It should do because the more batteries the bigger the current will 
be.
What are your variables (things that might affect your results)?
If I change the number of batteries – that’s the independent 
variable. The brightness is the dependent variable. I could 
measure using a light metre. It measures brightness in lux. The 
experiment needs to be done in a dark room to make sure my test 
is fair and there is no other light to make the measurements unfair. 
I would have to keep the equipment the same too. 
Results
When I added one battery to the circuit, the bulb was very dim, 
with only 4 lux. As another battery was added, the bulb became 
much brighter reading 22 lux. The third battery increased the 
brightness to 29 lux and 4 batteries was 30 lux. When Ie tried a 5th
battery the brightness was the same because it was 30+ and off 
the scale of our light meter. 
Number of batteries 
(independent variable) 
1 2 3 4 5 
Brightness in lux 
(dependent variable) 
4 22 29 30 30+ 
How can the 
brightness of a 









Bar chart to show how brightness
















What did you find out?
I noticed that the more batteries, the brighter the bulb. This is 
because there is more current. This makes the bulb brighter. 
If I extrapolated the graph, I think 5 batteries might be 40 lux 
because it will keep getting brighter. But I think even more 
batteries would blow the bulb because the current would be too 
much. Also I would need a different light meter because this one 
only said 30+ lux.  
I think that you see this in a dimmer switch in your house. I know 
you can alter the brightness by turning the dimmer up or down. 
You are increasing the current to make it brighter. 
Success Criteria
Did you describe what happened? Yes 
Did you repeat your measurements? No 
Did you refer to your results? Yes 
Did you draw a graph of results? Yes, bar chart 
Did you extrapolate the graph? Yes 
Could you apply this idea to everyday life? Yes 
If I was to repeat this experiment I would make sure I repeated my 
readings of the light metre to check for reliability. I would also get a 
better light metre that would show a longer scale and go up above 
30 lux. I would also like to keep adding the batteries to see how 
many it took before the bulb blew. 
Tom’s next steps: 
Try to find out more 
about current flow. Use 
the BBC website to help 
you.
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Tom’s	profile	shows	that	when	planning an	enquiry	he	can	find and 
use relevant evidence, information and ideas	(a	characteristic	of	Level	5)		
as	in	‘Map	of	the	solar	system’.	When	carrying	out	the	fair	test	
enquiry,	‘How	can	the	brightness	of	a	bulb	in	a	circuit	be	changed?’,	
Tom’s	profile	shows	that	he	can	systematically plan an enquiry	and	
identify key variables and distinguish between independent and 
dependent variables and those that he will keep the same	(both	
features	of	Level	5).	When	prioritising	the	equipment	in	‘Moon	crash	
landing	2020’	he	makes predictions based on scientific knowledge 
and understanding	(a	characteristic	of	Level	5).	In	‘How	can	you	




checks progress and revises the method where necessary	(a	
characteristic	of	Level	5).	This	is	evident	in	‘How	can	you	make	a	
model	of	a	lighthouse?’	and	in	‘Mission	possible’.	He	organises and 




be	changed?’.	In	the	latter	enquiry	he	selects the most appropriate 
type of graph or chart to display data recognising	the	discontinuous	
nature	of	the	variable	and	shows	that	he	is	starting to consider 
reliability	(both	features	of	Level	5).	However,	in	the	‘Questioning	
an	image	of	the	solar	system’	enquiry,	Tom	explores	the	image	
by	considering reliability and offering some explanations for any 
anomalies	(a	characteristic	of	Level	6).	In	the	same	enquiry	he	
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is	starting	to	use abstract scientific knowledge and understanding 
when explaining his findings	(a	feature	of	Level	6).	However,	in	
the	main	throughout	his	profile	Tom	uses scientific knowledge 
and understanding, including simple models, when explaining his 
findings	(a	characteristic	of	Level	5)	as	shown	in	the	‘How	can	you	
make	a	model	of	a	lighthouse?’	enquiry.	Also	he	uses scientific 
knowledge and understanding, including simple models, when	
explaining changes to physical phenomena	(a	feature	of	Level	5)	
in	‘How	can	the	brightness	of	a	bulb	in	a	circuit	be	changed?’	
investigation.	Throughout	his	profile	Tom	draws conclusions that are 
consistent with his findings and considers others’ views to inform 
opinions and make decisions	(both	characteristics	of	Level	5).
Reflecting
Tom’s	profile	shows	that	when	reflecting	on	an	enquiry	he	is	
beginning to evaluate how far success criteria fully reflect successful 
outcomes (a	feature	of	Level	5)	in	‘How	can	you	make	a	model	of	
a	lighthouse?’.	He	identifies the learning/thinking strategies he has 
used (a	characteristic	of	Level	6)	in	‘Moon	crash	landing	2020’.	In	
several	enquiries	Tom	links the learning to dissimilar but familiar 
situations	(a	feature	of	Level	5).


























Next time you find 
information give 
the references 
and start to think 
about whether you 
trust the source of 
information.
Key	Stage	3















Sian’s next steps: 
How do you think your 
animal would breath? 
Look at the table of 
vertebrate groups. 
Try to add something 








































Sian’s next steps: 
On your sheet think about and write down the 
reasons as to why each method would work. 
Use science knowledge to explain.


















Sian’s next steps: 
Did you use any strategies or tools to help you 
– in remembering and planning? Look in your 
thinking log for the names.
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The pairs were asked to think about how their method of cleaning 
pond water could be amended and scaled-up to use in the 
economically developing country. Individually they produced a poster 
suitable for the class. 
Sian used scientific knowledge and understanding to explain 
her ideas and changes to materials and has linked the learning 
to a dissimilar but familiar (from the video clip) situation.
How could 











Sian’s next steps: 
Look in your text book to find out the difference 
between steam and water vapour. Make any 
changes to your diagram to take this into 
account.
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Sian’s next steps: 
Read your conclusions again. Try to rewrite 
them using the ideas of ‘particles’. Look in your 
text book to help you.


















Sian’s next steps: (written herself)
Repeat the experiment to check my results.

















Sian’s next steps: 
Talk to Joshua’s group about their poster.  Ask them about the importance of 
using ‘fast growing’ trees rather than normal trees.  Add these ideas to your 
poster.












Sian’s next steps: 
Look up in a dictionary what the word ‘reliable’ 
means. When else do we need to think about 
reliability in science lessons?
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an enquiry,	and	make predictions based on scientific knowledge 







evaporation?’,	she	identifies key variables and distinguishes between 
independent and dependent variables and those that she will keep 
the same (a	characteristic	of	Level	5).	Sian	decided	upon	some	basic	
success	criteria	(a	feature	of	Level	4)	in	‘How	can	we	clean	pond	




When	developing	an	enquiry,	Sian	selects measuring instruments that 
allow her to make a series of measurements	(a	feature	of	Level	5)	in		
the	enquiry	‘How	does	the	surface	area	affect	the	rate	of	
evaporation?’.	She	regularly checks progress and revises the method	
(a	feature	of	Level	5)	as	evidenced	in	‘How	can	we	clean	pond	
water?’.	Throughout	her	profile	she	organises and communicates 
her findings integrating different forms in various presentations	(a	
characteristic	of	Level	5)	and	this	is	especially	evident	in	‘Vertebrate	
groups’.	
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In	‘How	does	the	surface	area	affect	the	rate	of	evaporation?’	
she	records her findings systematically, using S.I units and uses a 
line graph to describe the relationship between two continuous 
variables	(both	features	of	Level	5).	In	the	same	enquiry	and	in	
‘Energy	resources’	Sian	shows	that	she	is starting to consider 
reliability and	she	also	identifies bias	in	the	latter	(characteristics	
of	Level	5).	Throughout	her	profile	Sian	uses scientific knowledge 
and understanding, including simple models, when explaining 
her findings (a	feature	of	Level	5).	In	‘Vertebrate	groups’	she	uses 
scientific knowledge and understanding when explaining differences 
between organisms	whilst	in	’How	could	people	in	an	economically	
developing	country	get	clean	water?’	she	uses	a simple model when 
explaining changes to materials (both	characteristics	of	Level	5).	Sian	
draws conclusions that are consistent with her findings (a	feature	
of	Level	5)	throughout	her	profile	and	also	works	collaboratively	




beginning to evaluate how far success criteria fully reflect successful 
outcomes (a	feature	of	Level	5)	in	‘How	can	we	clean	pond	water?’	
and	‘How	does	the	surface	area	affect	the	rate	of	evaporation?’.	She	
identifies the learning/thinking strategy she has used (a	feature	of	
Level	5)	in	her	reflection	triangle	in	‘How	can	we	clean	pond	water?’.	
In	the	latter	enquiry	and	in	‘How	could	people	in	an	economically	
developing	country	get	clean	water?’	she	links the learning to 
dissimilar but familiar situations (a	characteristic	of	Level	5).
	
































	 	 Amy: 
 	 We	could	look	on	the	internet;	on	the		 	 	
	 	 NHS	website	or	on	one	of	the	doctors’	
	 	 help	sites.	We	could	go	to	the	doctor’s		 	 	
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  Amy: 
 	 We	did	use	trustworthy	sources	but	maybe		 	
	 	 we	could	have	checked	the	information		 	 	
	 	 more	with	other	ones	we	trusted	too.
Amy’s next steps: 
(from the class)
Did you meet your 
success criteria? 
Are there any other 
success criteria you 
could have used?
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Amy’s next steps: 
Discuss with Eleri, which variables were difficult 
to control and why were they difficult?
























Read through your 
work and write 
three sentences 
to compare the 
particles in solids, 
liquids and gases.












































































SciGuideE.indd   120 11/2/09   11:29:47
121Science:	Guidance	for	Key	Stages	2	and	3
Amy’s next steps: 
(written herself)
Look up how limestone is 
made up from the elements 
calcium, carbon and oxygen to 
make the compound.
Amy’s flyer




Amy’s next steps: 
Can you think of any other learning/thinking 
strategies or tools you could also have used? 
Add them to the bottom of your table.

















Amy’s next steps: 
How does a volcanic eruption link to the rock cycle? You might like to look 
through your exercise book and then write a few sentences.















Amy’s next steps: 
How could you calculate the 
work done when a person is at 
the top of the ride? Add this to 
your diagram.
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a variety of methods or strategies for her enquiries	(a	characteristic	of	
Level	6)	as	evidenced	in	several	enquiries	such	as	‘Insulin	presentation’.	




energies	released	from	a	volcanic	eruption.	In a fair test enquiry she 
plans how to control the variables that she needs to keep the same	
(a	characteristic	of	Level	6),	as	is	shown	in	‘How	does	caffeine	affect	
the	heart	rate?’.	When	Amy	is	asked	to	justify her success criteria 
(a	feature	of	Level	6)	she	can,	but	doesn’t	always	develop	her	ideas	
fully.	Therefore	at	times	it	could	be	said	that	she	only	gives some 
justification for her success	criteria	(a	characteristic	of	Level	5).
Developing
When	developing an	enquiry	Amy	selects measuring instruments 
that allow her to make a series of accurate measurements	(a	feature	
of	Level	5)	as	shown	in	‘How	does	caffeine	affect	the	heart	rate?’.	In	
this	enquiry	she	regularly checks progress, makes ongoing revisions 
when necessary and is beginning to justify any amendments or 
improvements made	(a	characteristic	of	Level	6).	Across	her	profile	
Amy	organises and communicates her findings in a variety of ways fit 
for purpose and audience	(a	feature	of	Level	6)	and	this	is	especially	
evident	in	‘Insulin	presentation’.	She	uses appropriate axes and scales 
for graphs to show data effectively	(a	characteristic	of	Level	6)	in	
‘How	does	caffeine	affect	the	heart	rate?’.	Her	work	shows	that	she	




the	heart	rate?’.	In	the	latter	enquiry	Amy	offers some explanations 
for anomalies when considering her findings	(a	feature	of	Level	6)	
even	though	she	decides	that	she	doesn’t	really	have	any	anomalous	
results.	She	uses abstract scientific knowledge and understanding, 
including models, when explaining her findings (a	characteristic	of	
Level	6)	in	enquiries	such	as	‘Insulin	presentation’,	‘Solids,	liquids,	
gases	and	their	particles’	and	‘Limestone	enquiry’.
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Reflecting
She	uses abstract scientific knowledge and understanding, including 
models, when explaining changes to organisms	in	‘How	does	caffeine	
affect	the	heart	rate?’;	to materials in	‘Melting	ice’	and	to physical 
phenomena	in	‘Volcanoes’	and	‘Fairground	ride’;	all	aspects	of	Level	6	
performance.	Amy	also	recognises that a number of factors and/or 
processes may have to be considered when explaining changes	(a	
feature	of	Level	6)	in	most	of	her	enquiries.	She	is	starting	to	make 
links between processes and systems	(a	characteristic	of	Level	7)	as	
in	the	enquiries	‘Insulin	presentation’	and	‘Fairground	ride’.	Amy	
considers a wider range of perspectives to inform opinions and 
decisions	(a	feature	of	Level	6)	as	evidenced	in	‘Insulin	presentation’.
Amy’s	profile	shows	that	when	reflecting	on	an	enquiry	she	




identifies the learning/thinking strategies being used (a	characteristic	
of	Level	6)	in	‘Limestone	enquiry’.	Throughout	Amy’s	profile	there	
is	evidence	in	several	enquiries	that	Amy	can	link the learning to 
unfamiliar situations	(a	feature	of	Level	6).	













 Ben    Level 7
Is Euglena 
















the reasons and 
prioritise them. Can 
you make a clearer 
decision now?
Key	Stage	3


























Ben’s next steps: 
Can you think of 
any other strategies 
that may also have 
worked here? Have a 
look at your Thinking 
Log for some ideas.
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Ben’s next steps: 
Look in your book at the work on Energy 
Transfers. Try to compare respiration and 

























Joseph Priestley found that a lighted 
candle in a jar soon went out. He put a 
plant in a jar and shone a light on it for 
a week. He found that the candle now 




















Ben’s next steps: 
Again look at Energy Transfers and compare 
combustion, respiration and photosynthesis.































Ben’s next steps: 
Can you think of any ways in which these key 
variables could be controlled? You might like to 
think about links to other situations.






















How does a Space Shuttle land? 
Think about and discuss in pairs how a space shuttle comes down from 
orbiting the Earth to land. 
© NASA Space Shuttle Endeavour 
The space shuttle orbits the Earth travelling at high speeds and held in 
orbit by gravity (gravitational pull to the Earth). It slows down and moves 
itself out of orbit so that it can come down to Earth. The weight of the 
shuttle pulls it down towards the Earth as this force is greater than the 
other forces acting on it. As the shuttle enters the atmosphere it is 
travelling so fast that some of its kinetic energy is converted to heat 
energy. Also it is constantly being hit by air particles at very high speed 
so this kinetic energy is converted to heat energy. As it speeds up it has 
more collisions with more air particles more often giving more heat 
energy. The shuttle needs to have a very strong covering of an insulating 
material to stop it from burning up on re-entry. 
It needs to slow down very quickly when it lands so when it has landed it 
releases a parachute to slow down the forward movement caused by its 
engines. Because it’s like an aeroplane it could put its engines into reverse 
to reduce the wear on the brakes. As the shuttle moves forwards the air 
tries to stop it. This is air resistance, a sort of friction. The air particles 
are being hit by the shuttle which slows it down. Because the parachute is 
open there is more air resistance to slow down the shuttle. This is 
because there is more surface area in contact with the air particles. 
Friction is also caused as the tyres move across the ground this also slows 
down the shuttle. 
Ben’s next steps: 
Review your work and try to look at the 
forces involved in each situation. How do they 
compare? Use your work on flight to help you.
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In	the	topic	‘Energy	and	Work	done’	the	class	are	given	an	enquiry	to	
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Ben and his partner ranked the events and recognised that pushing 
against a brick wall does not constitute work done. They selected the 
strategy of estimation and calculated the work done in each event –
using quantitative definitions and performing calculations using the 
correct units. However, the resultant force in the examples where 
the motion is horizontal could not be calculated by using weight. 
Therefore this shows only a partial understanding of the concept 
of work done. They have begun to evaluate their findings in order 
to gauge bias, reliability and validity. Although they haven’t actually 
described how they might collect more information in order to check 
the validity of their conclusions they have recognised the need to do 
so.
Ben’s next steps: 
Draw a flow chart to show the strategies you 
have used in your Thinking Log. Could you 
have used any others?
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Ben’s	profile	shows	that	when planning an	enquiry	he	can	suggest 
a strategy	(a	feature	of	Level	6)	in	‘Can	you	work	out	work	done?’.	
Here	he	estimates	before	calculating	his	answers	but	gives	no	
justification	for	doing	so.	He	gives some justification for the strategy 
he plans to use	(a	characteristic	of	Level	7),	in	‘Respiration	and	
combustion.’	He	chooses	to	use	a	Venn	diagram	as	he	recognises	
that	there	are	common	elements	in	the	two	processes.	He	makes 
qualitative predictions using linked scientific knowledge and 
understanding gained from a variety of sources	(a	feature	of	Level	7)		
as	evidenced	in	‘How	does	the	mass	of	magnesium	added	affect	
the	temperature	rise	in	its	reaction	with	copper	sulphate?’.	In	the	
planning	of	this	enquiry	he	also	identifies a key variable that may not 
be readily controlled explaining why this is the case	(a	characteristic	
of	Level	7).
Developing
When	developing an	enquiry	Ben	uses some quantitative definitions 





predictions using detailed scientific knowledge and understanding	
(a	characteristic	of	Level	8).	In	the	former	enquiry	he	is	beginning to 
evaluate his findings in order to gauge bias, reliability and validity	(a	
feature	of	Level	7),	and	although	he	hasn’t	actually	described	how	
he	might collect more information in order to check the validity of 
their conclusions (a	characteristic	of	Level	7),	he	has	recognised	the	
need	to	do	so.	Ben	applies abstract ideas and makes links between 
processes or systems in explanations	(a	feature	of	Level	7)	in	several	
enquiries,	such	as	in	‘Is	Euglena	a	plant	or	an	animal?	Explain	’where	
he	makes	links	between	cell	structure	and	photosynthesis.	Also	in





energy	and	insulation.	In	‘Historical	reactions’	Ben	begins to use his 




When	reflecting	on	an	enquiry	Ben	refines his success criteria in 




the learning to more abstract situations (a	feature	of	Level	7)	across	
his	profile,	for	example	in	‘Historical	reactions’	as	he	develops	his	
ideas	on	fossil	fuels	and	the	greenhouse	effect	and	could	be	said	to	
be	linking the learning to make further predictions	(a	characteristic	of	
Level	8).
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Materials developed by or in conjunction with DCELLS
Skills framework for 3 to 19-year-olds in Wales
National curriculum Orders
Developing thinking and assessment for learning programme (WAG)
 •  Why develop thinking and assessment for learning in the  
  classroom 
 •  How to develop thinking and assessment in the classroom 
 •  Developing thinking and assessment for learning poster
All these materials are available from the ’Curriculum and 
assessment’ section at: www.wales.gov.uk/educationandskills
Aiming for Excellence: Developing thinking (BBC, Estyn, WAG) 2006 
A coaching/training DVD pack.
Other useful references with websites
King’s College London
 •  The ASE – King’s Science Investigation in Schools Project  
  (AKSIS)  
   www.kcl.ac.uk (search for AKSIS) 
 •  Cognitive Acceleration through Science Education (CASE) 
  www.kcl.ac.uk (search for CASE) 
 •  SKEES Project (Science Enhancement Programme – King’s 
  Enhancing Enquiries in Schools) 
  www.kcl.ac.uk (search for SKEES) 
 •   Talking to Learn, Learning to Talk in Secondary Science  
  (ESRC: Principal Investigator: Professor Jonathan Osborne,  
  King’s College, London) 
  www.kcl.ac.uk (Search for talking to learn)
The University of York (Nuffield Curriculum Centre)
 •  21st Century Science 
  www.21stcenturyscience.org
Encouraging experimentation and investigation in school science 
learning (NESTA) – Real Science 
www.nesta.org.uk (search for Real Science)
Useful information and websites
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Other publications
Improving teaching and learning in schools	(TLRP,	ESRC)	2006
Science Education in schools, Issues, evidence and proposals 	
(TLRP:	Gilbert,	J	(Ed))	2006







The role of teachers in the assessment for learning	(E)	(Nuffield	
Foundation:	Harlan	et	al)	2006	
www.k1.ioe.ac.uk
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